Mongoliitalea lutea gen. nov., sp. nov., an alkaliphilic, halotolerant bacterium isolated from a haloalkaline lake Two bacterial isolates from the surface water of a haloalkaline lake on the Mongolia Plateau, strains MIM18 T and MIM19, were characterized; their morphological, physiological and chemotaxonomic characters, and phylogenetic position based on 16S rRNA gene sequences, were determined. The two strains were alkaliphilic, halotolerant, non-motile, aerobic, Gramnegative, orange-red, rod-shaped and oxidase-positive. Growth was observed in 0-5.5 % (w/v) NaCl, with optimum growth at 1 %. The temperature range for growth was 0-41 6C, with good growth at 28-37 6C and optimum growth at 30-33 6C. The DNA G+C content was 39.8-41.2 mol%. The strains contained menaquinone MK-7 as the major respiratory quinone and phosphatidylcholine, phosphatidylglycerol and phosphatidylethanolamine as the major polar lipids. Predominant cellular fatty acids were iso-C 15 : 0 (28.1-29.3 %), iso-C 17 : 0 3-OH (14.6-18.8 %), C 15 : 1 v6c (5.3-8.6 %), C 14 : 0 2-OH and/or iso-C 15 : 0 2-OH (5.4-6.1 %), and iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl (5.0-6.8 %). 16S rRNA gene sequence analysis showed that Belliella and Nitritalea of the family Cyclobacteriaceae were the closest related species with sequence similarities of 91.7-92.3 % and 88.2 %, respectively, with strains of these genera; other members of the Cyclobacteriaceae had sequence similarities lower than 88 %. Phylogenetic analysis indicated that the strains formed a deep-rooted lineage distinct from the clades represented by the genera Belliella, Nitritalea, Indibacter, Aquiflexum, Echinicola, Litoribacter, Cyclobacterium and Algoriphagus. Based on the phenotypic and phylogenetic characteristics mentioned above, the two strains are representatives of a single novel species in a new genus; the name Mongoliitalea lutea gen. nov., sp. nov. is proposed, with MIM18 T (5ACCC 05421 T 5KCTC 23224 T ) as the type strain.
% salt) on the Mongolia Plateau in August 2009, two strains, MIM18
T and MIM19, were isolated. Isolation was achieved by standard dilution-plating methods from the sample on medium PB [l
21
: 2 g yeast, 2 g peptone, 0.1 g MgSO 4 . 7H 2 O, 0.2 g K 2 HPO 4 , 10 ml vitamins (B 1 , B 7 , B 12 , each at 100 mg ml 21 respectively), 7.5 g agar and 5 g phytagel], maintained on marine agar 2216 (MA; Difco) medium after incubation for 48 h at 30 u C, and preserved at 280 u C in marine broth 2216 (MB; Difco) medium with 20 % glycerol. Sequence analysis of 16S rRNA genes indicated that these isolates were most closely related to the type strains of Belliella pelovolcani and Belliella baltica (sequence similarities of 91.7 and 92.3 %, respectively).
Cell size and morphology were observed by electron microscopy. Tests for a number of key characteristics, such as cytochrome oxidase, catalase (3 % H 2 O 2 ), phenylalanine deaminase and urease activities, and Gramstaining, were performed according to standard procedures (Gerhardt et al., 1994) . Anaerobic growth was checked in an anaerobic environment system Bactron III-2 in MB according to the manufacturer's instructions. Growth also occurred in tryptic soy agar and R2A (with or without agar). Growth at various NaCl concentrations [0-8 % (w/v) at 0.5 % intervals], pH (pH 4-13, at 0.5 intervals) and temperatures (0-40 at 5 u C intervals, .40 u C at 1 u C intervals) were investigated in MB, by measuring optical density at 540 nm. For pH tests, the appropriate biological buffers were used (Chung et al., 1995) and adjusted to the various pH values after sterilization.
Fatty acid esters were prepared and analysed by the protocol of Sasser (1990) , with cells cultured on MA and using the MIDI database of Sherlock Version 6.1. Polar lipids were differentiated by two dimensional TLC (Komagata & Suzuki, 1987) using standard lipids as control. Menaquinones were extracted according to the method of Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Acid production and carbon utilization were tested by API ZYM, API 20NE, API50CH (bioMérieux) and Biolog GN2 according to manufacturer's protocols. Disk-diffusion methodology was applied to determine antibiotic sensitivities (Bauer et al., 1966) .
Genomic DNA was extracted from bacterial cultures as described by Wisotzkey et al. (1990) . The DNA G+C content was determined from melting point (T m ) curves (Sly et al., 1986) using genomic DNA of Escherichia coli K-12 as a standard in the determination. PCR amplification of the 16S rRNA gene and sequencing of the PCR product were carried out according to the method of Du et al. (2006) . To identify the nearest taxa, BLAST was first carried out on the 16S rRNA gene and similar sequences were retrieved for further phylogenetic analysis (Altschul et al., 1990) . Alignment was made using CLUSTAL X version 2.0 with default penalties based on the IUB matrix; the resulting alignment was modified manually and then used to analyse sequence similarity through the subprogram DNADIS of the PHYLIP version 3.6 software package (Felsenstein, 1989) . Phylogenetic analysis was carried out using PHYLIP based on maximum-likelihood (Felsenstein, 1989) . Neighbour-joining was also applied to confirm the phylogeny by using MEGA4 (Kumar et al., 2008) depending on the Kimura-2 distance matrix model (Kimura, 1980) . Topology of the tree was evaluated by bootstrap analysis with 1000 trials.
Strains were Gram-negative, aerobic, non-motile, straight rods, 0.5-1.0 mm wide and 3.0-8.0 mm long. Colonies grown on MA at 30 u C were circular, smooth, shiny, orange-red in colour, opaque, convex and entire. Growth temperature range was 0-40 u C for MIM18
T and 0-41 u C for MIM19; MIM19 had a slightly faster growth rate than MIM18 T . Rapid growth of both strains occurred at 28-37 u C, with optimum growth temperatures of 33 and 30 u C for MIM18 T and MIM19, respectively (Table 1, Supplementary Table S1 in IJSEM Online). Growth temperatures of the novel isolates differed from those of B. pelovolcani (range, 25-40 u C; optimum, 37 u C), B. baltica (range, 4-37 u C; optimum, 20-25 u C) and Nitritalea halalkaliphila (range, 15-40 u C; optimum, 30-37 u C). Strains MIM18
T and MIM19 could grow in salinities of 0 to 5.5 % NaCl, with good growth at 0-3.0 % and optimum growth at 1.0 %; this differed slightly from B. pelovolcani, which grew at salinities from 0.5 to 6.0 %, with optimum growth at 3.0 %. The isolates grew at pH 6.5-12.0, with optimum growth at pH 9.0, whereas the pH growth ranges were 6.0-9.0 (optimum, pH 8.0) for B. pelovolcani and 6.0-10.0 (optimum, around neutral pH) for B. baltica. In terms of growth temperature and salinity, the isolates were similar to members of the genus Aquiflexum (range, 4-40 u C, 0-6.0 % NaCl; optimum, 30 u C, 1-2 %), but for pH, the isolates were similar to members of the genus Indibacter (range 7.5-12.0; optimum, variable). Respiratory quinones comprised MK-7 with seven isoprene units (99 %) as major menaquinone, with MK-4 with four isoprene units (1 %) as a minor component. Major phospholipids were phosphatidylcholine, phosphatidylglycerol and phosphatidylethanolamine ( Supplementary Fig. S1 in IJSEM Online). The DNA G+C content of strains MIM18
T and MIM19 were 39.8 mol% and 41.2 mol%, respectively. Both MIM18 T and MIM19 were able to reduce nitrate to nitrite, which was also observed in B. baltica but not in B. pelovolcani. In Biolog GN2 tests, MIM18
T used 34 substrates and MIM19 used 55 substrates, with 29 commonly used substrates, under the general rule regarding weak responses as a positive result for phenotypic features (Supplementary  Table S2 , available in IJSEM Online).
Results of API tests are shown in Supplementary Table S2 . API 50CH tests showed that the strains produced acid from a total of 24 substrates, with 21 substrates used by both strains and 18 common substrates. Ten positive reactions were observed in API 20NE tests; two were lacking for MIM18 T . In the API ZYM tests, 15 and 17 enzyme activities were detected for MIM18
T and MIM19, respectively. The isolates could be distinguished from members of Cyclobacteriaceae by carbon utilization and acid production patterns (Table 1) hydrolyse gelatin and were positive for esterase (C4), bgalactosidase, b-glucosidase and a-mannosidase, whereas Belliella species were not. In addition, the isolates did not utilize glycogen or Tween, whereas members of the genus Belliella were able to utilize these two compounds. The isolates produced acid from sucrose but not from saccharose, whereas Belliella species produced acid from saccharose but not from sucrose.
Fatty acids of MIM18 T and MIM19 were dominated by iso-C 15 : 0 , C 15 : 1 v6c and iso-C 17 : 0 3-OH, C 14 : 0 2-OH and/ or iso-C 15 : 0 2-OH, and iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl, which accounted for about 73 % of the total fatty acids ( Table 2 , Supplementary Table S3 available in IJSEM Online). The fatty acid profile of the isolates enabled them to be differentiated from other related species, e.g. the isolates contained iso-C 16 : 0 3-OH (5.1 %) and iso-C 17 : 0 3-OH (14.6 %) as the major fatty acids, whereas other species of related genera had lower contents of these fatty acids.
The 16S rRNA gene sequence of the isolates obtained was a continuous stretch of 1386 bp. BLAST searching showed that MIM18
T and MIM19 were closely related to uncultured bacterium SL3.16 (98 %, accession no. DQ517079) and the type strain of B. pelovolcani (92 %, accession no. EU685336). Bacterium SL3.16 was found during an investigation of bacterial diversity in an ephemeral hypereutrophic Mojave Desert playa lake based on molecular methods (Navarro et al., 2009) . Classification using RDP Classifier Online (Wang et al., 2007) 
indicated that MIM18
T and MIM19 belonged to the family Cyclobacteriaceae, phylum 'Bacteroidetes', but failed to assign them to any known genus. Sequence similarity analysis revealed that the strains' 16S rRNA genes had the highest similarity of 91.7-92.3 % with members of Belliella, a similarity of 88.2 % with the type strain of N. halalkaliphila and lower similarities to members of other species of the family Cyclobacteriaceae (below 88 %). Phylogenetic analysis based on ML and NJ trees showed that the two strains, MIM18
T and MIM19, formed a very robust clade (100 % of bootstrap replications) (Fig. 1) . They also formed a clade including type species from the genera Aquiflexum, Belliella, Cyclobacterium, Echinicola, Indibacter, Litoribacter and Nitritalea, but not including Algoriphagus, with high bootstrap values (77/72; ML/NJ methods).
DNA-DNA hybridization between the two strains was 73.2 %, which is higher than the 70 % cut-off values for members of the same species. This relatedness suggested that the strains were members of the same species.
In terms of phenotypic, chemotaxonomic and genotypic features, the strains could be differentiated from the most closely related species with validly published names, B. pelovolcani, B. baltica and N. halalkaliphila. The isolates could be differentiated from the previously mentioned species by cell morphology, salt dependence, pH tolerance, growth temperature (both range and optimum), fatty acid composition, carbon utilization spectrum, substrate pattern for acid production and 16S rRNA gene sequence phylogeny (Tables 1 and 2 , Fig. 1 ).
On the basis of the above phenotypic and phylogenetic characteristics, we propose that the strains MIM18
T and MIM19 represent a novel species in a new genus, Mongoliitalea lutea gen. nov., sp. nov. Strain MIM18
T is proposed as the type strain of this novel species.
Description of Mongoliitalea gen. nov.
Mongoliitalea (Mon.go.li.i.ta9le.a. N.L. n. Mongolia Mongolia; L. fem. n. talea rod, stick; N.L. fem. n. Mongoliitalea a rod from Mongolia, referring to the isolation of the bacterial strain from Mongolia Plateau).
Cells are Gram-negative, rod-shaped and positive for catalase and oxidase. Growth is aerobic and chemoheterotrophic. Predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 15 : 1 v6c, iso-C 16 : 0 3-OH, C 14 : 0 2-OH and/or iso-C 15 : 0 2-OH (5.4-6.1 %), and iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl (5.0-6.8 %). MK-7 is the major respiratory quinone. Phosphatidylcholine, phosphatidylglycerol and phosphatidylethanolamine are major phospholipids. Cells are halotolerant and alkaliphilic, but NaCl is not needed for growth. The genus Mongoliitalea belongs to the family Cyclobacteriaceae, order Cytophagales, class Cytophagia, phylum 'Bacteroidetes'. Type species is Mongoliitalea lutea.
Description of Mongoliitalea lutea sp. nov.
Mongoliitalea lutea (lu9te.a. L. fem. adj. lutea orange-red).
Main characteristics are those given for the genus. In addition, cells are 0.5-1.063.0-8.0 mm long. Colonies are circular, smooth, convex and orange-red in colour (.3 days incubated at 30 u C on MA). Grows at 0-40 u C (optimum 33 u C), at pH 6.5-12.0 (optimum 9.0) and in 0-5.5 % (w/v) NaCl (optimum 1 %). Catalase (3 % H 2 O 2 ), oxidase and phenylalanine deaminase are positive. Does not hydrolyse Tweens (20, 40 and 80) . Nitrate is reduced to nitrite and H 2 S is produced. Acid is produced from L-arabinose, D-glucose, D-fructose, D-mannose, methyl a-D-mannoside, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, raffinose, starch, b-gentiobiose, turanose and 2-ketogluconate. Assimilates a-cyclodextrin, dextrin, arabinose, cellobiose, D-fructose, D-galactose, a-D-glucose, alactose, lactulose, maltose, raffinose, sucrose, trehalose, turanose, a-ketoglutaric acid, succinic acid, glucuronamide, L-alaninamide, L-alanine, L-alanyl glycine, L-asparagine, Lglutamic acid, c-aminobutyric acid, L-ornithine and Lthreonine, but not glycogen, D-arabitol, erythritol, L-fucose, D-psicose, L-rhamnose, xylitol, cis-aconitic acid, formic acid, D-galactonic acid, lactone, b-hydroxybutyric acid, hydroxyphenylacetic acid, itaconic acid, malonic acid, propionic acid, sebacic acid, bromosuccinic acid, succinamic acid, glycyl-L-aspartic acid, L-histidine, L-carnitine, urocanic acid, inosine, uridine, phenyethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol. The following enzyme activities are positive, alkaline phosphatase, esterase (C4), esterase (Brettar et al., 2004a ; data in parentheses are from Arun et al., 2009); 3, Nitritalea (Anil Kumar et al., 2010b) ; 4, Indibacter (Anil Kumar et al., 2010a) ; 5, Aquiflexum (Brettar et al., 2004b) ; 6, Algoriphagus (Bowman et al., 2003; Liu et al., 2009); 7, Cyclobacterium (Raj & Maloy, 1990; Nedashkovskaya et al., 2005; Ying et al., 2006) ; 8, Litoribacter ruber (Tian et al., 2010) ; 9, Echinicola (Nedashkovskaya et al., 2006 (Nedashkovskaya et al., , 2007 *Summed features are groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 3 contains one or more of the fatty acids C 16 : 1 v7c and iso-C 15 : 0 2-OH. Summed feature 4 contains C 14 : 0 2-OH and/or iso-C 15 : 0 2-OH. Summed feature 9 contains one or more of the fatty acids iso-C 17 : 1 v9c and 10-methyl-C 16 : 0 .
lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-phosphohydrolase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase. Cells are sensitive to (mg/disk) amikacin (30), ampicillin (10), erythromycin (15), gentamicin G (30), carbenicillin (100), penicillin G (10), tetracycline (30), rifampicin (30), chloramphenicol (30), bacitracin (10), roxithromycin (30), polymyxin B (50), vancomycin (30), kanamycin (30) and tobramycin (10). MK-7 is the major respiratory quinone.
The type strain is MIM18 T (5ACCC 05421 T 5KCTC 23224 T ), isolated from an alkaline and saline lake on the Mongolia Plateau. The genomic DNA G+C content of the type strain is 39.8 mol%. T and MIM19 with members of the family Cyclobacteriaceae. Phylogenetic trees were constructed using both ML and NJ methods; topologies of the two trees were similar. Filled circles indicate nodes that differ in the NJ tree; common nodes are not marked. Numbers at nodes are bootstrap values (ML/NJ); X, no bootstrap value in ML tree where nodes differ in both dendrograms; -, value ,50 %. Bar, 0.02 substitutions per alignment position. The sequence from Pedobacter aquatilis AR107 T was used as outgroup.
